The geo-acoustic parameters are of great importance in determining how the sea bottom affects sound propagation in the ocean. Many inversion techniques have been developed to estimate geo-acoustic parameters. One-step inversion algorithms using a cost function defined only by energy loss may not result in a unique solution of geo-acoustic inversion problem because of the correlation between seabed sound speed and attenuation. This paper utilizes different characteristics of normal modes to define appropriate cost functions in a two-step inversion algorithm for inferring geo-acoustic parameters. This inversion scheme is applied to the combustive sound source data obtained by two Lshaped arrays. The inverted seabed sound speed and attenuation are comparable to the results derived from measured time series and transmission loss data at the same experimental site [Knobles, Wilson, Goff, and Cho, J.
INTRODUCTION
Different characteristics of normal modes have been successfully utilized in determining the geo-acoustic parameters. The inversion methods using modal dispersion, modal attenuation, modal amplitude ratio, modal depth function, and modal based vertical coherence have been summarized and discussed by Zhou et al. [1] . In this paper, the modal dispersion characteristic and longitudinal horizontal coherence (LHC) of sound propagation calculated by normal modes are used to infer the seabed sound speed and attenuation, respectively.
EXPERIMENTAL DESCRIPTION
One 32-element L-shaped array (ARRAY32) and one 52-element L-shaped array (ARRAY52) were deployed about 20 km apart at site A Fig. 1(a) ). The water depth along AB was about 72 m. The horizontal line array (HLA) portions of ARRAY32 and ARRAY52 were laid on the sea bottom. The ARRAY52's HLA was exactly perpendicular to the ARRAY32's HLA (See Fig. 1(b) ). Combustive broadband sound sources were deployed at different distances between the source ship (R/V Knorr) and the two L-shaped arrays. The sound propagation direction was perpendicular to the HLA portion of ARRAY52 and was parallel to the HLA portion of ARRAY32. This experimental configuration offered an opportunity to obtain the modal dispersion curves and longitudinal horizontal coherence for the geo-acoustic inversion. This paper utilizes a two-layer, a sand ridge overlaying on a half-space basement, range independent sediment model for inversion. 
GEO-ACOUSTIC INVERSION SCHEME AND RESULTS

Mathematical Expression for the Theoretical Normalized Longitudinal Horizontal Coherence in terms of Normal Modes
Using the normal mode expression for sound pressure generated by a harmonic point source, we obtain the mathematical expression in terms of normal modes for the theoretical normalized longitudinal horizontal coherence:
where, r is range, s z is source depth, z is receiver depth, L ' is the horizontal separations of the pair of (a) (b) 
Inversion Scheme Using Modal Arrival Time Difference and LHC
The two-step inversion scheme is shown in Fig. 2 . The calculated modal arrival time differences, 
Geo-acoustic Inversion Results
In the first step, the sound speed in the half-space basement is the most sensitive parameter and is successfully inverted (1707.8 m/s). The sound speed of the sand ridge, the densities of the sand ridge and the half-space basement are less sensitive over the frequency range from 18 Hz to 160 Hz. The experimental horizontal correlation coefficient as a function of hydrophone separation, obtained at a distance of 10.81 km, is used in the second step of inversion. Seabed attenuations from 50 Hz to 500 Hz are determined and shown in Table 1 . Fig. 3 shows the datamodel comparison of longitudinal horizontal coherence at 100 Hz and 400Hz. The theoretical predictions based on the inverted geo-acoustic parameters are in good agreement with the measured results. [3] . Both data sets are obtained using long range acoustic measurements and are comparable with the results reported by Zhou et al. [1] and Wan et al. [4] .
